Abstract-In this paper, we study the properties of induction squirrel-cage electromotor, with stationary electromagnetic processes and electromagnetic torque
I. INTRODUCTION
During start-up and other severe transient operations induction motor draws large currents, produces voltage dips, oscillatory torques and can even generate harmonics in the power systems. In order to investigate such problems, the d, q axis model has been found to be well tested and proven to be reliable and accurate. References [1] - [3] describe the basic concept of transient modelling of the machine. Dynamic behaviour of the machine may be analysed using any one of the following reference frames:
1. Stationary reference frame 2. Rotor reference frame 3. Synchronous reference frame References [4] and [5] recommend specific tests to estimate the machine parameters to proceed with transient modelling. References [6] - [11] used the stationary or the synchronously rotating reference frames for the analysis of induction motors. Reference [12] described the utility of various reference frames for different purposes. However, time span selected for simulation is found to be too small to study the complete behaviour of induction motor.
For analysis of stationary functioning regimes, we assume that the voltages that supply the induction machine phase windings are sinusoidal and symmetrical: (1)
We transform the equations in a following manner:
Where: ̇0 =̇2 +̇1 -magnetization current of induction machine; For squirrel -cage induction electromotor, the rotor phase voltage ̇2 = 0.
To consider the losses, we include the active resistance
The equivalent circuit has a clear physical interpretation and is widely used for analysis of stationary regimes of induction electromotor. The initial value of phase ( 1 ) can be chosen. If we consider 1 = , then the complex currents of stator and rotor are:
For the choice of initial voltage phase 1 = rotor complex current is pure imaginary number. The imaginary parts of stator and rotor complex currents are linked:
The real part of stator current for 1 = is the magnetization stator current:
The magnetization current vector ̇0 1 has an inductive character. The plots of current amplitude and its deviation angle relatively to the voltage on angular rotor currents frequency 2 * are shown on Fig. 2 . Stator current is linked with magnetization and rotor currents by the equation:
The vectors position on complex plane is shown on Fig.  3 .
Fig. 3. Vector Diagram
The modules of stator and rotor complex currents are:
The value 2 = 0 corresponds to the functioning regime of electromotor without load. The rotor current is equal to zero, while the stator current has only the real component. It is the single march current In this regime = 0 1 . For nominal stator voltage parameters ( 1 = ; 1 = 0 ) and 2 = 0. We define the nominal magnetization stator current:
In per units we have 01 * ≈ 1/ 0 1 *
IV. STATIONARY ELECTROMAGNETIC TORQUE OF SQUIRREL -CAGE INDUCTION ELECTROMOTOR
We study the main expressions for definition of electromagnetic torque in established functioning regime. We assume that we introduce in stator winding a symmetrical m-phase system of sinusoidal voltages with fixed active value U1 and angular frequency 1 .
The electromagnetic torque in pair of poles expressed through active currents values:
By replacement of rotor and magnetization currents in (6), we have: 
If we remove the stator voltage from (7) The electromagnetic torque is a function of stator voltage angular frequency 1 and rotor currents 2 = 1 − . We shall consider 1 as fixed value and as a function of 2 (see Fig. 4 ). The maximal values of and corresponding 2 are called critical values.
If we assume that and are parameters. The electromagnetic torque is: Those approximated expressions ( 0 + )/( 0 + 2 ) times. If we consider 1 = 0, the critical torque and the critical slip can be expressed as follows:
For little values of 2 , the electromagnetic torque is:
The control of the motor through variation of winding parameters is parametric. To change physically the main inductance is not an easy task. That is why we avoid such control variant. We prefer to include additive resistance either in stator or rotor circuits.
The influence on mechanical characteristic of electromotor for the additive resistance R1a is shown on Fig.  5 while the influence for additive inductance L1a on stator is shown on Fig. 6 . The rotor current appears only when the angular rotor rotation speed and angular stator voltage frequency are different.
If in complex stator current the imaginary part corresponds with rotor current, then its real part is the stator magnetization current.
The electromagnetic torque is proportional to the product of magnetization current and rotor current. The electromagnetic torque with constant magnetization current is proportional to the angular rotor current frequency.
For constant amplitude and constant stator voltage frequency the inductor electromotor electromagnetic torque is a nonlinear function of angular rotor current frequency and it has an extreme called critical value.
The variation of electromagnetic torque for constant amplitude and constant stator voltage frequency can be done by introduction of additive resistances and inductances in rotor circuit.
The rotor rotation speed regulation through parameters of variation on stator circuit leads to heavy energy losses in motor windings. Therefore, we control the electromotor by acting on voltage parameters, on stator windings.
